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57 ABSTRACT 

The present invention is directed to monoclonal antibodies 
which specifically bind to a Limulus C-macroglobulin. 
Preferred monoclonal antibodies inhibit the enzymatic acti 
Vation of a Limulus amebocyte lysate to form a gel or to 
cleave a chromogenic Substrate in the presence of an endot 
OXin but not in the presence of a glucan. The monoclonal 
antibodies can be used, inter alia, to purify a Limulus 
C-macroglobulin, and the preferred antibodies can be used 
in a method for Specifically detecting a glucan in a test 
Sample using an amebocyte lysate. 

8 Claims, 1 Drawing Sheet 
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GLUCAN-SPECIFIC ASSAY 

TECHNICAL AREA OF THE INVENTION 

The invention relates to the area of glucan detection. More 
particularly, the invention relates to the detection of glucan 
using a Limulus amebocyte lysate. 

BACKGROUND OF THE INVENTION 

Limulus amebocyte lysate undergoes clot (gel) formation 
along two enzymatic pathways. These enzymatic pathways 
comprise a Series of Serine proteases which are activated in 
the presence of either endotoxin or glucan. Limulus ameb 
ocyte lysate is widely used in assays, which take advantage 
of this activity, for detecting the presence of endotoxins, for 
example in water and in a variety of biological test Samples. 

Because the Limulus amebocyte lysate is much more 
Sensitive to the presence of endotoxin than to glucan, 
however, the prior art has been unable to develop a Success 
ful glucan assay using Limulus amebocyte lysate (LAL). 
The presence of just a Small amount of endotoxin in a test 
Sample results in a false positive result when attempting to 
detect glucan using LAL. Thus, there remains a need in the 
art for a method which can be used for Specifically detecting 
glucan in a test Sample. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an isolated and 
purified monoclonal antibody. 

It is another object of the invention to provide a hybri 
doma cell which produces a monoclonal antibody which 
specifically binds to Limulus C-macroglobulin. 

It is yet another object of the invention to provide a solid 
Substrate for use in purifying Limulus C-macroglobulin. 

It is still another object of the invention to provide a 
method of purifying Limulus C-macroglobulin. 

It is still another object of the invention to provide a 
method and reagent for Specifically detecting a glucan in a 
test Sample. 

It is a further object of the invention to provide a kit for 
Specifically detecting a glucan in a test Sample. 

These and other objects of the invention are provided by 
one or more of the embodiments described below. 

One embodiment of the invention provides an isolated 
and purified monoclonal antibody which specifically binds 
to a Limulus C-macroglobulin. 

Another embodiment of the invention provides a hybri 
doma cell which produces a monoclonal antibody, which 
Specifically binds to a Limulus C-macroglobulin. 

Yet another embodiment of the invention provides a solid 
Substrate for use in purifying a Limulus C-macroglobulin. 
The Solid Substrate comprises a monoclonal antibody which 
Specifically binds to the Limulus C-macroglobulin. 

Still another embodiment of the invention provides a 
reagent for Specifically detecting a glucan in a test Sample. 
The reagent comprises an amebocyte lysate and a mono 
clonal antibody which binds to a Limulus C-macroglobulin. 
Addition of the monoclonal antibody to the amebocyte 
lysate inhibits enzymatic activation of the amebocyte lysate 
in the presence of an endotoxin but not in the presence of a 
glucan. 

Even another embodiment of the invention provides a 
method of Specifically detecting a glucan in a test Sample. 
An amebocyte lysate is contacted with a monoclonal anti 
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2 
body which specifically binds to a Limulus 
C-macroglobulin. Addition of the monoclonal antibody to 
the amebocyte lysate inhibits enzymatic activation of the 
amebocyte lysate in the presence of an endotoxin. The 
amebocyte lysate is then contacted with the test Sample. 
Enzymatic activation of the amebocyte lysate indicates the 
presence of a glucan in the test Sample. 

Yet another embodiment of the invention provides a 
method of purifying a Limulus C-macroglobulin. A Solid 
Substrate comprising a monoclonal antibody which binds to 
the Limulus C-macroglobulin is contacted with a Limulus 
amebocyte lysate under conditions wherein the monoclonal 
antibody reversibly binds to the C-macroglobulin in the 
Limulus amebocyte lysate. Proteins which are not specifi 
cally bound to the monoclonal antibody are removed from 
the Solid Substrate. The C-macroglobulin is then released 
from the monoclonal antibody. Upon its release from the 
monoclonal antibody, the C-macroglobulin is Substantially 
free from other proteins of the Limulus amebocyte lysate. 
A further embodiment of the invention provides a kit for 

Specifically detecting a glucan in a test Sample. The kit 
comprises an amebocyte lysate and a monoclonal antibody 
which binds to a Limulus C-macroglobulin. Addition of the 
monoclonal antibody to the amebocyte lysate inhibits enzy 
matic activation of the amebocyte lysate in the presence of 
an endotoxin but not in the presence of a glucan. 
The present invention thus provides the art with mono 

clonal antibodies which specifically bind to a Limulus 
C-macroglobulin. The monoclonal antibodies can be used, 
inter alia, to purify Limulus C-macroglobulin and in a 
method for Specifically detecting a glucan in a test Sample 
using an amebocyte lysate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. FIG. 1 demonstrates the inhibition of the response 
of a Limulus amebocyte lysate to endotoxin in the presence 
of the monoclonal antibody 7A10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Monoclonal antibodies which specifically bind to Limu 
lus C-macroglobulin are herein disclosed. It is a discovery 
of the present invention that certain of the monoclonal 
antibodies which specifically bind to Limulus 
C-macroglobulin can inhibit enzymatic activation of a 
Limulus amebocyte lysate in response to endotoxin but not 
to glucan. Limulus C-macroglobulin-Specific monoclonal 
antibodies also can be used to purify Limulus 
C2-macroglobulin and to generate a glucan-specific assay 
from the Limulus amebocyte lysate. Limulus 
C-macroglobulin, a general protease inhibitor, is present in 
the amebocyte lysate of horseshoe crabs, Limulus polyphe 
muS. An amino acid Sequence of Limulus C-macroglobulin 
is disclosed in Iwaki et al., Eur: J. Biochem: 242,822 (1996), 
which is incorporated herein by reference. Previous studies 
have indicated, however, that purified C-macroglobulin 
does not inhibit the Serine proteases involved in lysate gel 
clot formation associated with the endotoxin reaction (Iwaki 
et al., 1996). Thus, it was surprising to find that a mono 
clonal antibody which specifically binds to Limulus 
C-macroglobulin would have an inhibitory effect on the 
enzyme cascade in the Limulus amebocyte lysate in 
response to the presence of endotoxin. 

In accordance with the present invention, purified Limu 
lus C-macroglobulin can be used as an immunogen to 
generate monoclonal antibodies, useful in practicing the 
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various embodiments of the present invention, using Stan 
dard hybridoma technology. The monoclonal antibodies can 
be generated using the ClonaCellTM-HY hybridoma cloning 
kit (StemCell Technologies Inc.), according to the technical 
manual which accompanies the kit. The kit comprises a 
methylcellulose-based medium which contains growth 
factors, B-cell Stimulators, and medium Supplements which 
promote the growth of Single cells. 

Limulus C-macroglobulin used as an immunogen in the 
process of generating a monoclonal antibody can be purified 
using Standard biochemical techniques Such as Size exclu 
Sion chromatography, ammonium Sulfate fractionation, ion 
eXchange chromatography, affinity chromatography, 
crystallization, electrofocusing, and preparative gel electro 
phoresis. Limulus C-macroglobulin can also be generated 
recombinantly or Synthesized chemically given the Sequence 
disclosed in Iwaki et al. (1996). 

Monoclonal antibodies which specifically bind to Limu 
lus C-macroglobulin Specifically bind to epitopes present in 
Limulus C-macroglobulin, Such as C-macroglobulin hav 
ing the amino acid Sequence disclosed in Iwaki et al. (1996). 
Preferably, the C-macroglobulin epitopes recognized by the 
monoclonal antibody are not present in other Limulus pro 
teins. Typically, at least 6, 8, 10, or 12 contiguous amino 
acids are required to form an epitope. However, epitopes 
which involve non-contiguous amino acids may require 
more, e.g., at least 15, 25, or 50 amino acids. Monoclonal 
antibodies which specifically bind to Limulus 
C-macroglobulin provide a detection Signal at least 5-, 10-, 
or 20-fold higher than a detection signal provided with other 
proteins when used in Western blots or other immunochemi 
cal assayS. Preferably, monoclonal antibodies which specifi 
cally bind to Limulus C-macroglobulin do not detect other 
proteins in immunochemical assays and can immunopre 
cipitate Limulus C-macroglobulin from Solution. 

Monoclonal antibodies especially useful in the broad 
practice of the present invention inhibit the enzymatic 
activation of the lysate, which can be detected by cleavage 
of chromogenic Substrates or the formation of a gel clot, in 
the presence of endotoxin but not in the presence of glucan 
when specifically bound to Limulus C-macroglobulin in a 
Limulus amebocyte lysate. Chromogenic Substrates Suitable 
for use in LAL-endotoxin assays are also Suitable for a 
glucan assay. Any Such monoclonal antibody having this 
preferential impact on lysate reactivity is within the Scope of 
the present invention. In a more preferred embodiment, the 
monoclonal antibody is monoclonal antibody 7A10. This 
antibody and three others which specifically bind Limulus 
C-macroglobulin were generated in mice using purified 
Limulus C-macroglobulin and a ClonaCellTM-HY hybri 
doma cloning kit (StemCell Technologies Inc.). The stan 
dard ClonaCellTM-HY protocol was followed, except that the 
pre-fusion medium, Medium A, did not contain gentamicin. 
These monoclonal antibodies can be used in a method to 
purify Limulus C-macroglobulin 

Hybridoma cells which secrete the monoclonal antibody 
7A10 were deposited on Oct. 7, 1997, with the American 
Type Culture Collection, 10801 University Boulevard, 
Manassas, Va. 20110-2209, under accession number ATCC 
HB-12415. This deposit will be maintained under the terms 
of the Budapest Treaty and is incorporated herein by refer 
ence. The content of the deposit is controlling in the event 
of a discrepancy between the deposit and the written 
description herein. 

Other monoclonal antibodies which specifically bind to an 
epitope of a Limulus C-macroglobulin to which a mono 
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4 
clonal antibody 7A10 specifically binds can also be gener 
ated using routine hybridoma methodologies. Antibodies 
which compete with 7A10 for the same epitope on the 
Limulus C-macroglobulin can be detected by using the 
candidate antibodies in competition assays with labeled 
7A10 antibodies, a procedure understood by those skilled in 
the art. 7A10 antibodies can be labeled, for example, with a 
radioactive or fluorescent tag, and the ability of another 
monoclonal antibody to compete with the labeled 7A10 
antibody for a Specific epitope on the Limulus 
C-macroglobulin can be detected, for example by fluores 
cence activated cell Sorting, Scintillation counting, or other 
methods, as is known in the art. 
The concentration of monoclonal antibody required to 

achieve maximum inhibition of the amebocyte lysate's 
response to a specific level or concentration of endotoxin 
can be determined for each particular antibody, as described 
in Example 1, below. In a preferred embodiment using the 
monoclonal antibody 7A10, the concentration of antibody 
required to achieve complete inhibition (100%) of the 
lysate's response to endotoxin at a concentration of 0.5 
EU/ml was about 6 tug/ml. 
The monoclonal antibodies of the invention can be iso 

lated and purified by any methods known in the art. For 
example, the monoclonal antibodies can be affinity purified, 
by passing hybridoma culture medium over a column to 
which a Limulus C-macroglobulin bearing the epitope 
recognized by the antibody is bound. Antibody purification 
using a column containing immobilized protein G, Such as 
ImmunoPure(R) Plus (Pierce), is preferred. The bound anti 
bodies can then be eluted from the column, for example, 
using a buffer with a high Salt concentration. 

The response of an amebocyte lysate to the addition of a 
Sample containing endotoxin or glucan can be detected as is 
well known in the art, for example by turbidimetric methods, 
e.g., by observing gel clot formation or by chromogenic 
methods. Preparation of amebocyte lysate for Such assays is 
routine, and for use in carrying out the assay method of the 
present invention, any method for preparing the lysate as are 
well known in the art can be used. Gram-positive bacterial 
polysaccharides derived from bacteria Such as Staphylococ 
cuS epidermidis, StaphylococcuS aureaS, or StreptococcuS 
hemolyticus, or Synthesized lipid A derivatives Such as 
phosphatidylic acid, phosphatidylglycerol, or 
phosphatidylethanolamine, can be used to test the response 
of the amebocyte lysate to endotoxin in the presence of a 
Limulus C-macroglobulin-Specific monoclonal antibody. 
Preferably, a range of concentrations of endotoxin, for 
example, 10 ng/ml, 1 ng/ml, 500 pg/ml, 125 pg/ml, 62.5 
pg/ml, 31.25 pg/ml, 15.6 pg/ml, 7.8 pg/ml, and 0.00 pg/ml, 
is used to assess and assure maximal inhibition of the 
endotoxin response in the presence of the monoclonal anti 
body. 

Synthetic (1->3)-3-D-glucans, such as “curdlan” or 
"packiman,” or fungal polysaccharides derived from yeasts 
Such as Candida albicans, MicroSporum canis, Aspergillus 
fumigatus, or Saccharomyces cerevisiae, can be used to test 
enzymatic activation of the amebocyte lysate containing a 
Limulus C-macroglobulin-Specific monoclonal antibody in 
response to glucan. Again, a range of concentrations of 
glucan, for example, 10 pg/ml, 5 pg/ml, 2.5 pg/ml, 1.25 
pg/ml, and 0.00 pg/ml, is recommended to validate the 
ability of the monoclonal antibody to inhibit enzymatic 
activation of the lysate in the presence of endotoxin, but not 
in the presence of glucan. Enzymatic activation of the lysate 
can be detected by gel clot formation or by cleavage of a 
chromogenic Substrate Such as those disclosed in Iwanaga et 
al., Hemostasis 7: 183-88 (1978) and U.S. Pat. No. 4,510, 
241. 
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Monoclonal antibodies of the invention also can be 
attached to a Solid Substrate and used to affinity purify a 
Limulus C-macroglobulin from a Limulus amebocyte 
lysate. The solid substrate can be any solid substrate to 
which proteins can be attached, including but not limited to, 
beads (Such as glass, latex, Sepharose, or cellulose beads), 
filtration membranes (composed of, for example, nitrocel 
lulose or nylon), the inner Surface of tubes (such as glass or 
plastic tubes), or glass or plastic slides or dishes, Such as 
Petri dishes or 6-, 12-, 24-, 48-, or 96-well plates. The 
Surface of the Solid Substrate can be coated with a Substance 
Such as laminin, polylysine or polyornithine to facilitate 
attachment of the antibody. Alternatively, the surface of the 
solid substrate can be derivatized with chemically reactive 
groups, Such as carboxyl, Sulfhydryl, or amine groups, as is 
known in the art, to provide attachment Sites for the anti 
body. 

For affinity purification of the Limulus C-macroglobulin, 
the antibody-coated Solid Substrate is contacted with a 
Limulus amebocyte lysate. The lysate is prepared by meth 
ods well known in the art. The Step of contacting is carried 
out under conditions wherein the monoclonal antibody 
reversibly binds to the C-macroglobulin in the lysate, for 
example at 4 C., and over Sufficient time to permit specific 
binding to occur. After binding, the Solid Substrate is then 
washed, for example with a low salt buffer solution, to 
remove non-specifically bound proteins. Following the 
Washing Step, the C-macroglobulin which is reversibly 
bound to the monoclonal antibody can be released. This 
release can be achieved, for example, by Washing the Solid 
Substrate with a buffer containing a single concentration or 
an increasing concentration gradient of an eluent, for 
example 0.01-1 M HCl, 0.1-1 M acetic acid, pH 2.0, 0.01 
M NHOH, 0.025 MNaCO: 0.5 M NaCl, pH 10 to 11.5, 
2-4 MKSCN or NaSCN, 2–4 M MgCl, 1–6 M guanidine 
HCl, or 1-6 Murea. The released C-macroglobulin can be 
concentrated from the buffer solution by methods known in 
the art, Such as dialysis, pressure filtration through a specific 
molecular weight cut-off membrane filter, electrophoresis, 
or lyophilization. 

The preparation of C-macroglobulin thus obtained is 
substantially free from other proteins of the Limulus ame 
bocyte lysate. Purity of the preparation can be assessed by 
any method known in the art, Such as SDS-polyacrylamide 
gel electrophoresis. Preferably, the preparation of 
C-macroglobulin is at least 80% pure; more preferably, the 
preparation is 90%, 95%, or 99% pure. 

For purification of Limulus C-macroglobulin, use of the 
monoclonal antibody 7A10 or another monoclonal antibody 
which reacts with an epitope of Limulus C-macroglobulin 
to which 7A10 specifically binds is preferred. Other mono 
clonal antibodies of the invention can also be used to purify 
C-macroglobulin, either from Limulus polyphemus or from 
other species containing an O-macroglobulin which is 
croSS-reactive with the particular monoclonal antibody used. 
Such species include other horseshoe crabs, Such as Tachy 
pleuS tridentatus or TachypleuS gigaS, other arthropods. Such 
as the crayfish PacifaStacus leniusculus, and vertebrates, 
including mammals. Such as rat, mouse, cow, and human. 

The monoclonal antibodies of the invention can be used 
to provide a reagent and a method for Specifically detecting 
the presence of a glucan in a test Sample. The reagent 
comprises an amebocyte lysate and a monoclonal antibody 
which Specifically binds to an epitope on Limulus 
C-macroglobulin and inhibits enzymatic activation of the 
lysate to form a gel clot in the presence of endotoxin. The 
amebocyte lysate can be prepared using Standard method 
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6 
ologies from amebocytes of horseshoe crabs Such as Limulus 
polyphemus, TachypleuS tridentatus, or TachypleuS gigas. 
Limulus amebocyte lysate is preferred. Addition of the 
monoclonal antibody to the amebocyte lysate inhibits the 
enzymatic activation of the amebocyte lysate in the presence 
of an endotoxin, but not in the presence of a glucan. The 
monoclonal antibody 7A10 is preferred, but other mono 
clonal antibodies which Specifically bind to the same epitope 
of C-macroglobulin to which 7A10 specifically binds, or 
antibodies which bind to other epitopes of C-macroglobulin 
and result in inhibition of enzymatic activation of the lysate 
in response to endotoxin, can be used. Such monoclonal 
antibodies can be obtained using Standard hybridoma gen 
erating methods and routine Screening, as described above. 
The reagent of the invention can be Supplied in a kit for 

the Specific detection of a glucan in a test Sample. The test 
Sample can be any Sample in which it would be useful to 
determine possible yeast contamination, including water and 
biological Samples, including but not limited to tissue cul 
ture medium, blood, and Serum. The kit contains an ameb 
ocyte lysate, preferably a Limulus polyphemus amebocyte 
lysate, and a monoclonal antibody which binds to a Limulus 
C-macroglobulin and inhibits the enzymatic activation of 
the amebocyte lysate in the presence of an endotoxin, but not 
in the presence of a glucan. The kit can then be used to detect 
either endotoxin or, upon the addition of the monoclonal 
antibody to the lysate, to detect glucan specifically, even in 
the presence of endotoxin. 
The following are provided for exemplification purposes 

only and are not intended to limit the Scope of the invention 
described in broad terms above. 

EXAMPLE 1. 

This example demonstrates the inhibition of the response 
of a Limulus amebocyte lysate to endotoxin, but not to 
glucan, by the presence of monoclonal antibody 7A10. 

Monoclonal antibody 7A10 was added to a Limulus 
amebocyte lysate to final concentrations of 1.560 ug/ml, 
3.125 ug/ml, and 6.250 tug/ml. The percent inhibition of the 
lysate's response to endotoxin was assessed by measuring 
inhibition of chromogenic Substrate cleavage in a control 
lysate which was free of monoclonal antibody and in the 
lysate Samples having the different monoclonal antibody 
concentrations. Each lysate Sample was challenged with 05. 
EU/ml of endotoxin. 
The response of the lysate Samples to this level of an 

endotoxin was completely inhibited at a 7A10 concentration 
of 6.250 lug/ml of monoclonal antibody (FIG. 1). Increasing 
concentrations of a Second monoclonal antibody 2D5, which 
also specifically binds to an epitope on Limulus 
C-macroglobulin, but which recognizes a different epitope 
than monoclonal antibody 7A10, had no inhibitory effect on 
enzymatic activation in the presence of this level of this level 
of endotoxin. 

Addition of purified monoclonal antibody 7A10 can be 
used to inhibit the response of a Limulus amebocyte lysate 
to endotoxin. As a consequence, monoclonal antibody 7A10 
allows the practice of an assay which is specific for the 
detection of glucan in a test Sample. 

It will be understood that while the invention has been 
described in conjunction with Specific embodiments thereof, 
the foregoing description and examples are intended to 
illustrate, but not limit the scope of the invention. Other 
aspects, advantages and modifications will be apparent to 
those skilled in the art to which the invention pertains, and 
these aspects and modifications are within the Scope of the 
invention, which is limited only by the appended claims. 
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We claim: 
1. A reagent for Specifically detecting a glucan in a test 

Sample, comprising: 
an amebocyte lysate; and 
a monoclonal antibody which binds to a Limulus 

C-macroglobulin, wherein addition of the monoclonal 
antibody to the amebocyte lysate inhibits enzymatic 
activation of the amebocyte lysate in the presence of an 
endotoxin but not in the presence of a glucan. 

2. The reagent of claim 1 wherein the amebocyte lysate is 
derived from an amebocyte originating from the group 
consisting of Limulus polyphemus, TachypleuS tridentatus, 
and TachypleuS gigas. 

3. The reagent of claim 1 wherein the monoclonal anti 
body Specifically binds to an epitope of a Limulus 
C-macroglobulin to which a monoclonal antibody which is 
secreted by a hybridoma cell with ATCC Accession No. 
HB-12415 specifically binds. 

4. The reagent of claim 1 wherein the monoclonal anti 
body is a monoclonal antibody which is Secreted by a 
hybridoma cell with ATCC Accession No. HB-12415. 
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8 
5. Akit for Specifically detecting a glucan in a test Sample, 

comprising: 
an amebocyte lysate; and 
a monoclonal antibody which binds to a Limulus 

C-macroglobulin, wherein addition of the monoclonal 
antibody to the amebocyte lysate inhibits enzymatic 
activation of the amebocyte lysate in the presence of an 
endotoxin but not in the presence of a glucan. 

6. The kit of claim 5 wherein the amebocyte lysate is 
derived from an amebocyte isolated from the group consist 
ing of Limulus polyphemus, TachypleuS tridentatus, and 
TachypleuS gigas. 

7. The kit of claim 5 wherein the monoclonal antibody 
Specifically binds to an epitope of a Limulus 
C-macroglobulin to which a monoclonal antibody which is 
secreted by a hybridoma cell with ATCC Accession No. 
HB-12415 specifically binds. 

8. The kit of claim 5 wherein the monoclonal antibody is 
a monoclonal antibody which is secreted by a hybridoma 
cell with ATCC Accession No. HB-12415. 


